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Description

FIELD

[0001] This application relates to medical instrument
systems. More particularly, a connector having a back-
flow valve to be used with a combined tube set for insuf-
flation, irrigation and rinsing that allows an endoscopic
system to be connected to a water bottle.

BACKGROUND

[0002] Endoscopic instruments have been developed
to provide surgeons with an internal view of the organ or
body passage requiring treatment. Such endoscopes
typically have channels through which flexible instru-
ments, such as a miniaturized forceps, are inserted and
advanced. The endoscope assembly includes an elon-
gated flexible cable equipped at one end with an eyepiece
or other viewing means and at the other end with an im-
aging means. The cable transmits images or image-pro-
ducing signals from the illuminated operative site to the
viewing means so that the surgeon will have visual con-
firmation of the action of the instrument’s working end.
The cable also provides a flow passage for the delivery
of fluid (liquid or gas) for irrigation, insufflation, rinsing,
or other purposes. It may be necessary to provide the
optic head with a flow of sterile water. The passage of
the sterile water across the optic head prevents the build-
up of materials on the imaging means. This flow of water
operates, in a sense, like a windshield wiper/washer as-
sembly.
[0003] In normal practice, the endoscopic instrument
has a control body, which provides several ports that al-
low connectors to be attached for irrigation, insufflation,
rinsing, or other purposes. These ports may include a
variety of fittings that are suitable for various purposes.
For example, air and water ports can receive an air/water
connector suitable for providing air and/or water for rins-
ing and other purposes. As such, the air and water are
delivered through the connector into the light guide con-
nector of the endoscope. The light guide connector or
the control body can also include an irrigation port so as
to allow irrigation water to be directly provided to the en-
doscope. Suitable valves are provided on the control
body so as to control the flow of water and/or air through
the control body and the flexible cable of the endoscope.
[0004] Unfortunately, there is usually a great expense
associated with maintaining sterility of the equipment
and/or water. Sterile water can be provided for rinsing
from a water bottle that is connected to the endoscopic
instrument via tubing. The tubing has a fitting at one end
so as to allow the tube to be connected to the air/water
port of the endoscopic instrument, and the other end of
the tubing is inserted into the water bottle. Typically, the
fitting will include two tubes, one providing water and the
other providing air. Sometimes the two tubes may be
concentric with an inner tube providing water and an outer

tube providing air. The inner tube extends through a cap
into the water bottle, and the outer tube is connected to
the cap of the water bottle. Air may be delivered through
the area between the inner tube and the outer tube so
as to pressurize the interior of the water container. In
some embodiments, the gas that pressurizes the bottle
and insufflates the lumen may be supplied through a sep-
arate tube that interfaces with the bottle cap; in such a
system, the gas flows from the bottle to the endoscope
through the space between the inner tube and the outer
tube. The gas flowing into the bottle increases the pres-
sure within the bottle. When a valve in the endoscope is
opened, the pressure in the bottle will force water to flow
through the inner tube and into the endoscope at a de-
sired rate. For example, inner and outer tube sets that
are utilized with endoscopes are described in U.S. Patent
Nos. 6,210,322 and 6,485,412. Document US
2009/0101562 A1 discloses a filter for a medical instru-
ment assembly. US 2007/238929 A1 discloses a con-
nector.
[0005] The purpose of irrigation is to clear debris from
the field of view. When debris such as digestive waste,
mucous, blood, and detached tissue cover portions of
the lumen wall, the operator may be unable to make a
proper assessment of the condition of the tissue or per-
form actions such as biopsy removal or cautery. When
irrigation is desired, the endoscopic instrument can be
connected to another water bottle using another set of
tubing. One end of an irrigation tube is connected to an
irrigation port of the endoscopic instrument, and the other
end of the tubing extends through a cap so that it may
be placed in a water bottle. The irrigation tube may pro-
vide a section of flexible tubing that is insertable into a
peristaltic pump. The peristaltic pump provides water flow
to the endoscope that is suitable for irrigation. The irri-
gation system moves water by drawing it out of the bottle
with a peristaltic pump, so it requires a vent to allow air
to enter the bottle. In contrast, the insufflation and lens
rinsing system moves water by pushing it out of the bottle
with internal pressure, so the tubing and bottle assembly
must be sealed to maintain the pressure.
[0006] After usage, the two water bottles, the tubing,
and the associated fittings are sterilized or disinfected if
they are not disposable items. In the case that the items
are disposable, two water bottles, tubing, and associated
fittings are discarded. If the items are sterilized or disin-
fected, there is a considerable labor expense associated
with cleaning, and disinfecting or autoclaving. Addition-
ally, there is also the possibility of residual contaminants
residing in the area of connection between the tubes and
the bottle. This creates a considerable expense to the
hospital in either case. In some systems, two bottles are
required when the user desires to perform both functions
(irrigation and rinsing) because the designs of these sys-
tems treat them as separate and independent, individual
systems.
[0007] Research has demonstrated that there is a clin-
ical benefit when insufflation is performed using warm
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(e.g. body temperature) water instead of dry room tem-
perature air. It is expected that this benefit is due to the
fact that the warm water is more similar to the natural
surroundings of the internal tissue than the cool, dry air.
The sudden loss of temperature caused by insertion of
air can make the muscles in the lining of the lumen con-
tract and affect blood flow to the tissue. Also, when warm
water is used for insufflation, the debris remaining on the
tissue is readily washed away, which improves visibility
for cancer screening when the user removes the water
and adds air for insufflation. Warm water infusion typically
is performed as the endoscope is inserted into the patient.
The water is subsequently removed and replaced with
air as the endoscope is being removed and the operator
is looking for problematic tissues (such as cancerous tu-
mors).
[0008] Just as the tissue is most commonly subjected
to warm liquids and not cool dry air, the gas that does
pass through the digestive tract tends to be warm and
humid. Thus it is advantageous to use warm, humid gas
whenever insufflation is performed with gas. In some en-
doscopic systems, the gas that enters the endoscope for
insufflation first passes through the water bottle and then
into the endoscope. In such a system, it is possible to
warm the gas prior to it entering the bottle and/or warm
the water in the bottle. If the gas is then forced to enter
the bottle at the bottom and bubble to the top, it absorbs
water and heat then leaves the bottle warm and humid
as it travels to the endoscope for insufflation. The luminal
wall may cramp if the tissue is dried or cooled by the gas
used for insufflation. If the gas used for this procedure is
carbon dioxide instead of atmospheric air, the carbon
dioxide absorbs into the tissues more than 100 times
faster.
[0009] The absorption rate of carbon dioxide into di-
gestive tissues is 100 to 150 times that of oxygen and
nitrogen, which combine to make up about 99% of at-
mospheric air. Because carbon dioxide is absorbed into
the tissues and expired through the respiratory system,
the gas in the lumen does not have to pass through the
remainder of the digestive system, thus improving patient
comfort and speeding recovery.
[0010] The lens rinsing system, similar to the irrigation
system, comprises a continuous liquid path interrupted
only by valves. (The irrigation system fluid path also is
interrupted by the pump rollers.) It is desirable to maintain
sterility of the water in the water bottle that serves as a
source of water for lens rinsing. Thus, it is desirable to
add a check valve in the lens rinsing flow path. This check
valve is, in some embodiments, incorporated in the
air/water connector of the tube set since the valve can
then be disposed of with the tube set rather than being
reprocessed with the endoscope. The check valve can
help to prevent cross-contamination. U.S. Patent No.
5,437,654 discloses an irrigation set for use with an en-
doscopic irrigation pump consisting of a pair of caps con-
nectable to a bottle. The patent does not show or describe
any connector, but only a cap designed to be snapped

onto the bottle.
U.S. Patent Application No. 2010/0198,014 discloses a
tubing set which includes a quick exchange coupler that
mates with the quick exchange coupling on a manifold
(Fig. 3A). The tubing does not disclose or make obvious
that a portion of the air tube and a portion of the water
tube are arranged concentrically. The sterile fluid tubing
and CO2 tubing are two separate tubes going into two
separate openings of the manifold which is a connector.
[0011] Thus, there is a need to develop new devices
and methods to reduce or eliminate the risk of contami-
nating the tube set used in endoscopic procedures and
reduce or eliminate the risk of infecting the patient.

SUMMARY

[0012] In accordance with the present invention a con-
nector is provided for connecting a concentric air and
water tube arrangement to a medical instrument accord-
ing to the independent claim. The connector comprises
an opening configured to receive the concentric air and
water tube arrangement, which has an inner water tube
for providing a liquid and an outer air tube for providing
air, a first flow path of the air tube leading to a first outlet
of the connector and a second flow path of the water tube
leading to a second outlet of the connector, and a valve
disposed within the second flow path and configured to
prevent flow of the liquid back from the medical instru-
ment into the water tube.
[0013] New devices and methods are provided that re-
duce or eliminate the risk of contaminating the endoscop-
ic tube set and reduce or eliminate the risk of infecting
the patient. In some embodiments, a water bottle adapter
is provided for use with an endoscopic instrument. The
water bottle adapter includes a cap suitable for attach-
ment to the neck of a water bottle with a first set of tubing
for rinsing and a second set of tubing for irrigation. The
first set of tubing includes air and water tubes. One end
of the first set of tubing provides a first connector that
can be attached to a port on an endoscopic instrument.
This first connector may have one or more valves to pre-
vent water, air, and other medical gasses from moving
in an undesirable direction. The end of the air tube op-
posite the connector is connected to the water bottle cap,
and the end of the water tube opposite the connector is
connected to the water bottle cap and extends through
the water bottle cap. The second set of tubing for irrigation
may provide for a flexible section of tubing that is insert-
able into a peristaltic pump. One end of the irrigation tub-
ing provides a second connector that can be attached to
an irrigation port of the endoscopic instrument, and the
other end extends through the water bottle cap.
[0014] In some embodiments, there is a connector con-
figured to pass a liquid from a bottle and a gas between
a tube set assembly and a medical instrument, the tube
set assembly comprising a first tube for gas flow and a
second tube for liquid flow, the first and second tube con-
tacting the connector, and a valve disposed within a flow
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path of the second tube and configured to prevent flow
of the liquid back from the medical instrument to the bot-
tle.
[0015] In some embodiments, there is a connector con-
figured to pass water from a bottle and air between a
tube set assembly and an endoscope, the tube set as-
sembly comprising a first tube for air flow and a second
tube for water flow and a third tube for irrigation fluid flow,
the first and second tube contacting the connector, and
a valve disposed within a water flow path of the second
tube and configured to prevent flow of the water back
from the endoscope to the bottle, and the third tube hav-
ing a flexible section.
[0016] In some embodiments, there is an adapter that
passes water and gas between a tube set with separate
gas, irrigation water, and rinsing water tubes and an en-
doscope, the adapter comprising a valve disposed within
the flow path of at least one gas, irrigation water, or rinsing
water tubes.
[0017] In some embodiments, there is a combined tube
set comprising: a first tube set utilized to provide rinsing
fluid for an endoscope, wherein the first tube set provides
an air tube and a water tube; and a second tube set uti-
lized to provide irrigation fluid for the endoscope, wherein
the second tube set provides a flexible section.
[0018] In some embodiments, there is a combined tube
set comprising: a first tube set utilized to provide rinsing
fluid for an endoscope, wherein the first tube set provides
an air tube and a water tube; a second tube set utilized
to provide irrigation fluid for the endoscope, wherein the
second tube set provides a flexible section; and a third
tube utilized to provide gas to the system.
[0019] In some embodiments, there is a tube set uti-
lized to provide rinsing fluid to an endoscope, wherein
the tube set provides an air tube and a water tube, with
a filter in the air path.
[0020] In some embodiments, there is a tube set uti-
lized to provide rinsing fluid for an endoscope, wherein
the tube set provides an air tube and a water tube, with
a backflow check valve in the water path.
[0021] In some embodiments, there is a tube assembly
comprising: a first tube set configured to provide a liquid
to an instrument, wherein the first tube set provides a
gas and the liquid to the instrument; and a second tube
set configured to provide the liquid to the instrument,
wherein the second tube set comprises a flexible section.
[0022] Additional features and advantages of various
embodiments will be set forth in part in the description
that follows, and in part will be apparent from the descrip-
tion, or may be learned by practice of various embodi-
ments. The objectives and other advantages of various
embodiments will be realized and attained by means of
the elements and combinations particularly pointed out
in the description and appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] In part, other aspects, features, benefits and ad-

vantages of the embodiments will be apparent with re-
gard to the following description, appended claims and
accompanying drawings where:

Figure 1 illustrates an embodiment of an air/water
tube set;
Figure 2 illustrates an embodiment of an air/water
tube set secured to a water bottle;
Figure 3 illustrates an embodiment of an irrigation
tube set;
Figure 4 illustrates an embodiment of an endoscope;
Figure 5A illustrates an embodiment of a combined
irrigation and air/water tube set;
Figure 5B illustrates an embodiment of a combined
irrigation, air/water, and gas tube set;
Figure 5C illustrates an embodiment of a universal
connector for a combined irrigation and air/water
tube set;
Figure 6A illustrates an embodiment of a universal
fit bottle cap;
Figure 6B illustrates an embodiment of an isometric
view of a universal fit bottle cap;
Figure 6C illustrates an embodiment of universal fit
bottle cap threaded on a bottle;
Figure 6D illustrates an embodiment of a bottle cap
and liner;
Figure 7 illustrates an embodiment of air filter incor-
porated into a bottle cap;
Figure 8A illustrates an embodiment of an air/water
connector with a check valve;
Figure 8B illustrates an embodiment of an air/water
connector with a duck bill valve;
Figure 9A illustrates an embodiment of an inline air
filter assembly;
Figure 9B illustrates an embodiment of an inline air
filter assembly with an offset water tube passage;
Figure 9C illustrates an orthogonal view of an em-
bodiment of an inline air filter assembly with an offset
water tube passage;
Figure 10 illustrates an embodiment of an air and
water connector with a check valve and an inline air
filter;
Figure 11A illustrates an embodiment of a liner;
Figure 11B illustrates a cross sectional view of an
embodiment of a liner having a substantially L-
shaped cross section;
Figure 12 illustrates a back view of an embodiment
of an air and water connector with a back flow valve;
and
Figure 13 illustrates a front view of an embodiment
of an air and water connector with a back flow valve.

[0024] It is to be understood that the figures are not
drawn to scale. Further, the relation between objects in
a figure may not be to scale, and may in fact have a
reverse relationship as to size. The figures are intended
to bring understanding and clarity to the structure of each
object shown, and thus, some features may be exagger-
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ated in order to illustrate a specific feature of a structure.

DETAILED DESCRIPTION

[0025] For the purposes of this specification and ap-
pended claims, unless otherwise indicated, all numbers
expressing quantities of ingredients, percentages or pro-
portions of materials, reaction conditions, and other nu-
merical values used in the specification and claims, are
to be understood as being modified in all instances by
the term "about." Accordingly, unless indicated to the
contrary, the numerical parameters set forth in the fol-
lowing specification and attached claims are approxima-
tions that may vary depending upon the desired proper-
ties sought to be obtained by the present invention. At
the very least, and not as an attempt to limit the applica-
tion of the doctrine of equivalents to the scope of the
claims, each numerical parameter should at least be con-
strued in light of the number of reported significant digits
and by applying ordinary rounding techniques.
[0026] Notwithstanding the numerical ranges and pa-
rameters set forth herein, the broad scope of the invention
are approximations, the numerical values set forth in the
specific examples are reported as precisely as possible.
Any numerical value, however, inherently contains cer-
tain errors necessarily resulting from the standard devi-
ation found in their respective testing measurements.
Moreover, all ranges disclosed herein are to be under-
stood to encompass any and all subranges subsumed
therein. For example, a range of "1 to 10" includes any
and all subranges between (and including) the minimum
value of 1 and the maximum value of 10, that is, any and
all subranges having a minimum value of equal to or
greater than 1 and a maximum value of equal to or less
than 10, e.g., 5.5 to 10.
[0027] Reference will now be made in detail to certain
embodiments of the invention, examples of which are
illustrated in the accompanying drawings. While the in-
vention will be described in conjunction with the illustrat-
ed embodiments, it will be understood that they are not
intended to limit the invention to those embodiments. On
the contrary, the invention is intended to cover all alter-
natives, modifications, and equivalents that may be in-
cluded within the invention as defined by the appended
claims.
[0028] It is noted that, as used in this specification and
the appended claims, the singular forms "a," "an," and
"the," include plural referents unless expressly and une-
quivocally limited to one referent. Thus, for example, ref-
erence to "a tube set" includes one, two, three or more
tubes.
[0029] We refer now to the drawings wherein depicted
elements are not necessarily shown to scale and wherein
like or similar elements are designated by the same ref-
erence numeral through the several views.
[0030] FIG. 1 shows an example of a system for con-
necting a water bottle to an endoscope for gas insufflation
and lens rinsing or an air/water tube set 10. Tube set 10

includes water tube 12 and air tube 14. While water tube
12 extends through air tube 14 in the example shown, it
should be noted that in other embodiments the water and
air tubes may be separated or the water tube may not
extend through the air tube. Tube set 10 provides a con-
nector 18 on one end of the tube set that can be con-
nected to an endoscope (not shown). Cap 16 is connect-
ed to the air tube 14 and water tube 12 extends through
cap 16. In some embodiments, the current system is con-
figured to be used with a single bottle. However, it will be
understood that, in some embodiments, more than one
bottle can be used.
[0031] FIG. 2 shows an example of an air/water tube
set 10 attached to water bottle 60. When cap 16 is placed
on a water bottle, water tube extends into the water bottle
to provide a source of water for the endoscope. Connec-
tor 18 (shown as an Olympus® connector in contrast to
FIG. 1) may be connected to ports on the endoscope to
provide water for lens rinsing.
[0032] FIG. 3 shows an example of a system for con-
necting a water bottle to an endoscope for irrigation or
an irrigation tube set 20. One end of the irrigation tube
set 20 has a connector 22 that can be mated to an en-
doscope. Irrigation tube set 20 may include flexible sec-
tion 24 of tubing that can be inserted into a peristaltic
pump, which pumps the water to the endoscope for irri-
gation. Irrigation tube set 20 is attached to cap 26 and
the water bottle end 28 of the irrigation tube set 20 passes
through the cap so that it may extend into a water bottle
when the cap is placed on the water bottle. While the
irrigation tube set 20 is formed from three separate pieces
of joined tubing as described, in other embodiments, ir-
rigation tube 20 may be formed from fewer or more joined
tubes. Cap 26 provides vent 30. Since the pump is draw-
ing water through the tubing, an equivalent volume of air
may be allowed to enter the bottle. In the embodiment
shown, the air is filtered, whereas in some embodiments
the air is not filtered, so it may enter by some other gap
in the system.
[0033] FIG. 4 shows an example of endoscope light
guide connector 72 with several ports, such as air/water
ports 32 and irrigation port (not shown). Connector 18
for air/water tube set 10 connects to air/water ports 32
of endoscope 72. Connector 22 for irrigation tube set 20
(of FIG. 3) connects to irrigation port (not shown) of en-
doscope 72. When connectors 18, and 22 (of FIG. 3) are
connected to endoscope 72, water for lens rinsing or ir-
rigation can be provided to the endoscope and the gas
insufflator can be pressurized.
[0034] Air/water tube set 10 and irrigation tube set 20
require two separate water bottles for use with endo-
scope 72. If the tube sets and water bottles are reusable,
great expense is associated with maintaining sterility of
the equipment and/or water. There is a considerable la-
bor expense associated with manual or automated clean-
ing, and disinfection or autoclaving the equipment. Ad-
ditionally, there is also the possibility of residual contam-
inants remaining in the area of connection between the
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tubes and the bottle. Further, because air/water tube set
10 and irrigation tube set 20 each require their own water
bottle more equipment must be sterilized, or disposed of
if not reusable, after the equipment has been used.
[0035] Additionally various types of water bottles and
water containers exist for endoscope systems. Presently,
disposable water bottles are manufactured in 250 millili-
ter, 500 milliliter and 1,000 milliliter sizes. These water
bottles have slightly varying diameter necks of slightly
varying lengths. The thread structure on the neck of each
of these water bottles is slightly different. The difference
in the length of neck and configuration of threads is the
result of water bottles being manufactured by several dif-
ferent companies utilizing their respective designs. As
such, a need has developed so as to allow for the adap-
tation of the various water containers to the various en-
doscope systems, which are offered. Any standardiza-
tion that can be achieved will eliminate the need to main-
tain an inventory of products for each of the various types
of water bottles available. Although an endoscope is
shown in Figure 4, it will be understood that other medical
instruments can be used with the present tube assembly
and/or cap. These instruments include, for example,
colonoscopes, laparoscopes, bronchoscopes, or any
medical instruments with a camera that requires use of
fluid (e.g., water, saline solution, dextrose solution, Ring-
ers solution, Lactated Ringer’s solution, or combinations
thereof or the like) for use.
FIG. 5A shows an illustrative embodiment of a combined
tube set 100. Combined tube set 100 includes air/water
tube set 104, irrigation tube set 106, bottle cap 130,
air/water connector 140, and irrigation connector 150.
Irrigation connector 150 can be a universally adaptable
connector, such as a luer connector. Irrigation connector
150 can alternately be a connector designed for direct
connection to the endoscope. The air/water tube set 104
is shown as a water tube 120 extending through air tube
110 from bottle cap 130 to air/water connector 140. While
air/water connector 140 is shown as a connector suitable
for connection to an Olympus® endoscope, it should be
recognized that any suitable connector may be utilized
to facilitate the various types and/or brands of endo-
scopes used during the endoscopic procedure.
[0036] Air/water connector 140 and/or irrigation con-
nector 150 can alternately be a universally adaptable
connector design. Further, in other embodiments, the
tubing arrangement of the tube sets may also be modified
to accommodate various types and/or brands of endo-
scopes. For example, the air/water connector 140 and
the irrigation connector 150 may utilize any variety of
connector that is suitable for connecting combined tube
set 100 to any type or brand of endoscope or a fitting
may be mated with an adapter body that allows a tube
set to be utilized with a particular brand and type of en-
doscope (e.g. U.S. Patent Nos. 6,210,322 and
6,485,412). In some embodiments, a universal connector
or adapter connected to the endoscope may receive both
air/water connector 140 and the irrigation connector 150.

For example, combined tube set 100 may be suitable for
connection with a Fujinon® AJ-510 or Byrne Medical
100141 adapter. Further, in some embodiments, the uni-
versal connector may be moved away from the endo-
scope as shown in FIG. 5C. While water tube 120 extends
through air tube 110 in the embodiment shown, in some
embodiments, the air tube and water tube may be sep-
arated i.e. the water tube is not contained within the air
tube. In a separated air and water tube arrangement,
air/water connector 140 may provide a fitting that may
be mated with an adapter body that provides a connector
that is suitable for connection with an endoscope utilizing
a concentric air and water tube arrangement.
[0037] In the air/water tube set 104, water tube 120
extends from air/water connector 140 through the bottle
cap 130. Air tube 110 has a larger diameter than water
tube 120 and extends from air/water connector 140 to
bottle cap 130. Air tube 110 and water tube 120 may be
made from a plastic material, elastomeric material, or
any suitable material or combination of materials. Air tube
110 and water tube 120 may be secured to air/water con-
nector 140 by ultraviolet gluing, any suitable adhesive,
or any suitable attachment means. While water tube 120
passes through bottle cap 130, air tube 110 may be se-
cured to bottle cap 130 by ultraviolet gluing, any suitable
adhesive, or any suitable attachment means. Because
air tube 110 has a larger diameter than water tube 120,
an annular air passage is created between the outer sur-
face of water tube 120 and the inner surface of air tube
110. The annular air passage extends from bottle cap
130 to air/water connector 140.
[0038] Bottle cap 130 can be secured to the neck of a
water bottle (not shown), thereby allowing an end of water
tube 120 to extend into the water bottle. Bottle cap 130
can be made of a plastic material, elastomeric material,
and/or any suitable material or combination of materials.
Water tube 120 may have an anchor or weight 160 at-
tached to one end to weigh down water tube 120 into the
liquid contained in the water bottle. Weight 160 serves
to assures that end of water tube 120 will reside adjacent
to the bottom of the sterile water bottle. Weight 160 pro-
vides an opening (not shown) that allows fluid to pass
through water tube 120 to air/water connector 140. In
some embodiments, weight 160 may be omitted. Weight
160 can be ultravioletly glued to the end of water tube
120 or secured by any suitable adhesive or any suitable
attachment means.
[0039] Bottle cap 130 has inner threads, which are par-
ticularly adapted for joining with the threads of a variety
of different water bottles, as discussed in more detail be-
low. Bottle cap 130 may include one or more gaskets
(not shown) to facilitate a substantially air tight seal be-
tween bottle cap 130 and a water bottle. When bottle cap
130 is secured to a water bottle and air/water connector
140 is connected to an endoscope, air may pass from
the endoscope to the water bottle via the annular air pas-
sage created between the outer surface of water tube
120 and the inner surface of air tube 110. Note that in
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other embodiments the tubes may be separate. Because
bottle cap 130 creates an air tight or nearly air tight seal,
forcing air into the water bottle creates pressure in the
bottle that forces water through a first end of water tube
120 having weight or anchor 160 towards a second end
of water tube 120 having air/water connector 140. Al-
though a weight or anchor 160 is shown, this is an optional
component and the tube set does not require a weight
or anchor.
[0040] Irrigation tube set 106 is also connected to bottle
cap 130 to provide combined tube set 100. Irrigation tube
set 106 includes irrigation connector 150, back flow
valve(s) 180, and flexible tubing section 190. A first end
of irrigation tube set 106 provides irrigation connector
150, which may be connected to an endoscope. In con-
trast to air/water tube set 104, irrigation tube set 106 pro-
vides a single tube. Irrigation tube set 106 may be made
from a plastic material, elastomeric material, or any suit-
able material or combination of materials.
[0041] Irrigation tube set 106 may include one or more
backflow valves 180 to prevent backflow of water into the
water bottle. Irrigation tube set 106 may include flexible
tubing section 190, which is insertable into a peristaltic
pump. In the embodiment shown, backflow valves 180
is placed at the end of the tube set 106 that connects to
the endoscope. However, in other embodiments, one or
more backflow valves 180 may be placed elsewhere in
irrigation tube set 106, such as near tube end 200 which
is placed in the water. Backflow valves 180 prevent or
limit backflow of water back into the water bottle, thereby
reducing the risk of potential contamination of the sterile
water. In some embodiments, backflow valves may also
be utilized in the air/water tube set 104. The backflow
valve can be different designs, for example, a flap valve,
duck-bill valve or the like.
[0042] Tubes of the irrigation tube set 106 may be se-
cured to bottle cap 130, irrigation connector 150, and/or
backflow valve(s) 180 by ultraviolet gluing, any suitable
adhesive, or any suitable attachment means. When bot-
tle cap 130 is placed on a water bottle, water source end
200 of irrigation tube set 106 extends into the water bottle.
As with water tube 120 of air/water tube set 104, water
source end 200 of irrigation tube set 106 may include an
anchor or weight (not shown) to weigh down water source
end 200 towards the bottom of the sterile water bottle.
[0043] Separated tube sets shown in FIGS. 1 and 3
include two separate water bottles that may not be fully
utilized during the use of an endoscope. When the use
of the endoscope is complete, the two water bottles may
be discarded to prevent future contamination of the water
and/or equipment. Further, if the tube sets are disposa-
ble, two tube sets are discarded. If the tube sets are re-
usable, the equipment must be manually or automatically
cleaned and disinfected or autoclaved to sterilize the
equipment for future use. In contrast, combined tube set
100 allows a water source for irrigation and rinsing to be
provided by a single water bottle used during the endo-
scopic procedure, thereby minimizing waste. Further,

combined tube set may be made of a low cost, disposable
material so that labor and cost associated with cleaning
and autoclaving is avoided.
[0044] Fig. 5B is an illustrative embodiment of a tube
assembly (e.g., combined irrigation, air/water, and gas
tube set) 210. Combined irrigation, air/water, and gas
tube set 210 may provide an air/water tube set 104, irri-
gation tube set 106, and bottle cap 130 similar to the tube
set shown in FIG. 5A. Additionally, combined irrigation,
air/water, and gas tube set 210 also provides gas tube
set 215. Gas (e.g. air, carbon dioxide, nitrogen, oxygen,
or other medical gas, or combination thereof or the like)
may be supplied to the bottle by gas tube set 215 attached
to bottle cap 130. Gas supply connector 225 may be con-
nected to a gas source and gas valve 220 may be utilized
to open and close the flow of gas into a water bottle. Gas
valve 220 is optional and may not be utilized in other
embodiments. Gas supply connector 225 may incorpo-
rate a backflow valve, which allows gas to flow in only
one direction. In some embodiments, the backflow valve
may be located at end 230 of gas tube set 215. When
gas valve 220 is open, gas flows into the bottle through
the gas tube set 215, pressurizes the bottle, and passes
from the bottle cap 130 to the endoscope via the annular
passage created between the outer surface of water tube
120 and the inner surface of air tube 110. End 230 of gas
tube set 215 extends through bottle cap 130, to the bot-
tom of the water bottle. As a result, gas entering the con-
tainer bubbles up through the water and is humidified.
When the gas is preheated and/or the water is preheated,
the result is a warm, humid gas that is then passed to
the endoscope and then to the patient for insufflation.
While end 230 of gas tube set 215 extends through bottle
cap 130 in the embodiment shown, in other embodiments
end 230 may stop at bottle cap 130. In an embodiment
where end 230 of tube set 215 does not extend into the
water, the gas passed to the patient may be pre-humid-
ified or dry gas may be delivered to the patient.
[0045] In some embodiments, the present application
is designed to be used with warm gas, such as for ex-
ample, carbon dioxide, which is provided to gas tube set
215 by a carbon dioxide gas source, such as for example
a tank, which is then humidified as it is bubbled through
the liquid (e.g., water) in the bottle. In some embodi-
ments, the bottle (e.g., 60 in Figure 2) can be heated by
for example an external heating source (e.g., hot plate,
microwave, etc.). In this way the gas and/or liquid in the
bottle can be heated.
[0046] In some embodiments, the gas can be humidi-
fied by passing the gas in the direction of the cap 130 in
the opposite direction of water flow to the fluid in the bot-
tle. In some embodiments, the gas may be pressurized
and fed into the tube under pressure.
[0047] The gas is humidified by bubbling it through the
fluid and pressurizes the bottle, and passes from the bot-
tle cap 130 to the endoscope via the annular passage
created between the outer surface of water tube 120 and
the inner surface of air tube 110. End 230 of gas tube set
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215 extends through bottle cap 130, to the bottom of the
water bottle. In some embodiments, the end of the tube
230 can have a tip configured to decrease bubble size
(e.g., the diameter and/or surface area of the tip can be
reduced) to increase the rate of humidification as the
smaller bubbles will increase the humidification rate of
the gas. In some embodiments, the tip of the gas tube
can be angled to increase the orifice size so that the gas
exiting it also has decreased surface area. The gas will
pressurize the bottle and the humidified gas will pass
through inner surface of air tube 110 and to adapter 103
next to air/water tube 104 to the endoscope.
[0048] In some embodiments, the air/water tube 104
has outer surface of water tube 120 running within inner
surface of air tube 110 creating an annular passage be-
tween the outer surface of water tube 120 and the inner
surface of air tube 110 to allow air and fluid out of the
tube to the adapter 103 to air/water tube 104 to the en-
doscope. It will be understood that the combined air/wa-
ter tube can be a tube within a tube structure as shown
in Figure 5B or two separate tubes that do not have a
tube within a tube structure (not shown). In some em-
bodiments, the outer surface of the water tube 120 runs
continuously or discontinuously within the air tube 110.
In the embodiment shown in Figure 5B, the water tube
protrudes from the cap 130 into the bottle, but the air tube
does not run into the bottle. The water tube 120 is dis-
continuous with the air tube 110. In some embodiments,
the cap 130 may further comprise rims 131 that protrude
from the cap and guide the tubes. It will be understood
that the cap 130 can have none, one, two, three, four,
five or more rims that guide the tubes out of the cap. In
some embodiments, the cap 130 can have one, two,
three, four, five or more channels that allow the one or
more tubes to pass through them. In Figure 5B, there are
three channels that allow the tube to pass through it, but
there is still an air tight seal so only air and liquid can
pass out of the bottle through the tube assembly. In some
embodiments, and as shown in Figure 5B, the irrigation
tube has flexible section or portion 107 that is more flex-
ible than the rest of the irrigation tube 106. The flexible
section or portion 107 is configured to be connected to
a pump that allows pumping of the irrigation fluid to the
endoscope, which can be connected at connector 226.
It will be understood that in some embodiments, the irri-
gation tube, air/water tube and/or the gas tube can have
one or more flexible sections, where the tube is more
flexible than other sections. It will also be understood that
in some embodiments, the irrigation tube, air/water tube
and/or the gas tube can have one or more filters, vents,
check valves, pinch clips, adapters, and/or connectors
disposed above the bottle cap 130. In some embodi-
ments, the air/water tube 104 can have a pinch clip dis-
posed above the bottle cap 130 to stop flow of the gas
and/or liquid in the tube. It will be understood that the
adapter or connector can be configured to be a perma-
nent part of the tubing, and therefore, not removable with-
out damaging the tubing or it can be configured to be

removed from the tubing without damaging the tubing
(e.g., a twist and pull fitting, push fitting, pull fitting, twist-
off fitting, Luer lock, or the like). In some embodiments,
the cap can be vented or not have a vent.
[0049] Figure 5C illustrates an embodiment of a uni-
versal adapter 250 for a combined irrigation and air/water
tube set attached to an endoscope 72. The adapter 250
comprises adapter input connector 240 that is configured
to receive a plurality of tubes. In some embodiments, the
irrigation tube set 106 (that may include a flexible section
that is configured to be received by a pump) contacts the
adapter at the adapter input connector 240 and aligns
irrigation tube 255 with the adapter and the irrigation tube
set 106. Thus, fluid can flow through the tube into the
endoscope when auxiliary water connector 150 is at-
tached to the endoscope. Likewise, the air/water tube
104 contacts the adapter at the adapter input connector
240 and aligns the water tube 260 and the air tube 265
so they can extend to the air/water connector 140. The
air/water tube set 104 and the irrigation tube set 106
brings gas and/or fluid (e.g., water, saline, dextrose, etc.)
to the adapter. The adapter can be removably attached
to the plurality of tubes, for example, by a fitting or per-
manently attached to the plurality of tubes. In some em-
bodiments, the adapter comprises a universal adapter
that comprises a portion of a plurality of tubes and con-
nectors that can attach to any endoscope. The user con-
nects the tube set having irrigation tube set 106, air/water
tube set 104 to the adapter input connector 240 (the lower
portion of these tubes shown below adapter input con-
nector 240). The adapter input connector 240 can then
be attached to air tube 265, water tube 260 and irrigation
tube 255 (the upper portions of these tubes shown above
adapter input connector 240). Each of these tubes have
their own connectors (auxiliary water connector 150)
(air/water connector 140) configured to be attached to
endoscope 72. In this way, the adapter 250 can be a
universal adapter and have tubing and connectors de-
signed for a specific endoscope and the user merely con-
nects the adapter to the tube set (below 240) by connect-
ing the tubes into the adapter input connector 240. There-
fore, the tube set can be customized to the specific en-
doscope being used. In some embodiments, the adapter
allows connection to a variety of different endoscopes.
In some embodiments, the universal connector is com-
patible with a tube set, and the tube set is compatible
with a variety of adapters that are compatible with a va-
riety of endoscopes. It will be understood that the adapter
240 can be permanently attached to the plurality of tubes
and not be detachable.
[0050] In some embodiments, air tube 265 and water
tube 260 are shown as separate tubes. These tubes can
also be combined into one as concentric tubes (not
shown). The air tube 265 and water tube 260 run into
their respective ports of the air/water connector 140 that
can be drawn into the tubes as required by the user of
the endoscope. Irrigation tube 255 can connect to the
auxiliary water connector 150, which will allow irrigation
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fluid to be drawn to the auxiliary water connector 150 and
then to the endoscope as needed.
[0051] In some embodiments, there is a tube assembly
comprising: a first tube set configured to provide a liquid
and a gas to an instrument 72, the first tube set compris-
ing a first tube 265 configured to provide air to the instru-
ment and a second tube 260 configured to provide liquid
to the instrument; a second tube set comprising a second
tube 255 configured to provide liquid to the instrument,
and a bottle cap contacting at least the first tube set and
the second tube set.
[0052] In some embodiments, there is a tube assembly
comprising: a first tube set configured to provide a liquid
and a gas to an instrument 72, the first tube set compris-
ing a first tube 265 configured to provide air to the instru-
ment and a second tube 260 configured to provide liquid
to the instrument; a second tube set comprising a second
tube 255 configured to provide a second liquid to the
instrument and a bottle cap contacting at least the first
tube set and the second tube set, wherein the second
tube set comprises a flexible section configured to be
connected to a pump; and a third tube set comprising a
third tube configured to provide gas to the instrument. In
some embodiments, there will be a first liquid in one tube
and a second liquid in another tube. The first and second
liquid can be the same type of liquid (e.g., water as the
first and second liquid) or the first and second liquid can
be a different type of liquid (e.g., water as the first liquid
and saline as the second liquid). Therefore, in some em-
bodiments, the irrigation fluid and rinsing fluid can be the
same type of fluid (e.g., water, saline, or dextrose, etc.)
from the same bottle. It will be understood that the tube
assembly can be used with a single bottle or multiple
water bottles. Alternatively, the bottle can have one, two,
three, four or more compartments that contact the tube
set, each compartment can have the same fluid in it in
all the compartments or a different fluid in each compart-
ment.
[0053] Optionally the first tube runs in an interior of a
bottle and at least the third tube runs in the interior of the
bottle, and the first tube set, second tube set and third
tube set run out of a bottle cap, each of the first tube set,
second tube set and third tube set comprise at least one
of an adapter, a connector, a valve, a filter, pincher clip,
or a vent.
[0054] In some embodiments, when gas (e.g., carbon
dioxide gas) enters through the gas input (e.g., third tube
set) tube set and the end of the gas input tube set is
extended into the liquid (e.g., water), there is a risk of
liquid intake tubes taking in the gas bubbles instead of
liquid. This may happen if the entrance to a liquid (e.g.,
water) intake tube is located next to the gas input tube’s
outlet or if the entrance to a liquid intake tube is located
above the gas input tube’s outlet. In the latter case, the
bubbles may rise to the end of the liquid intake tube.
When a liquid intake tube takes in the gas bubbles, the
gas is fed to the medical instrument (e.g., endoscope)
instead of a steady stream of liquid. The result is a less

effective lens rinsing or irrigation effect.
[0055] Therefore, in some embodiments, a gas input
tube whose length under the bottle cap is shorter than
the length of one or more of the other liquid intake tubes
is provided. In some embodiments, one or more tubes in
the tube set can be the same or different lengths.
[0056] In some embodiments, in addition to the lengths
of the tubes being the same or different, there is a sep-
arating member (e.g., bracket, clip, hook, loop, prong,
channel, spacer, or other separator, or the like) that con-
tacts one or more tubes and separates the gas input tube
from any liquid intake tube. The separating member may
force a horizontal separation and/or vertical separation
between one or more tubes. In some embodiments, the
separating member may force a vertical separation so
that the gas bubbles are introduced to the liquid at a level
higher than that of the liquid intake. In some embodi-
ments, one or more tubes of the device are preformed
into some predetermined shape so that the gas bubbles
are directed away from the liquid intake tubes. In an em-
bodiment in which the tube sets are constructed from a
common, multi-lumen tube, the gas input lumen can be
plugged and a hole in the tube wall would be cut for the
gas to exit the tube at a higher level.
[0057] In some embodiments, the first, second, third
and/or fourth tube can be concentric with each other.
Therefore, the present application contemplates four
tubes combined into one, three tubes combined into one,
two tubes combined into one for delivery of liquid and/or
gas to a medical instrument. In some embodiments, the
present application contemplates using single, double,
triple and/or quadruple lumen tubes for delivery of liquid
and/or gas to a medical instrument.
[0058] In some embodiments, the cap comprises a lin-
er for an air-tight seal. In some embodiments, the length
of the first, second, and third tube set is longer in length
than the portion of the tube set contained within the bottle.
[0059] In some embodiments, where the tubes are
separate, the tube assembly can comprise a fourth tube
to provide gas to the endoscope and the fourth tube is
separate from the first, second, and/or the third tube. In
some embodiments, the fourth tube is attached to the
first, second, and/or the third tube. In some embodi-
ments, the connector is utilized to connect the first tube,
second tube, and/or third tube directly to the endoscope.
[0060] FIG. 6A is an illustrative embodiment of a uni-
versal fit bottle cap 300, and FIG. 6B is an isometric view
of an illustrative embodiment of a universal fit bottle cap
300. Bottle cap 300 may optionally utilize a liner or seal
(not shown) to create an air tight seal with a water bottle.
Thread(s) 310 on the inner surface of universal fit bottle
cap 300 have specific cross-sectional geometry and
thread pitch that allows the cap to be utilized with a variety
of water bottles. The material from which the cap is made
has specific structural and tribological properties (includ-
ing Young’s modulus and coefficient of friction). The di-
mensions, geometry and pitch of the threads, and mate-
rial properties of universal fit bottle cap 300 allow it to
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mate to any of several commercially available water bot-
tles even though the designs of these water bottles vary.
[0061] Similarly, the liner material has certain structur-
al and tribological properties (including durometer and
coefficient of friction). The liner also has a certain cross-
sectional profile. The combined effect of the liner’s profile
and material properties allow it to form an air tight seal
between the bottle cap and any of several different water
bottles. Specifically, the inner surface of the liner is
shaped so as to continuously contact the bottle around
its full circumference, thus sealing the system. If the sys-
tem is not sealed, it will not function properly. Given that
different bottles have rims or ridges of different diameters
and at different heights relative to their threads, the liner
has a varying inner diameter designed to accommodate
each bottle design by contacting it at the appropriate
height and diameter. The liner may, if desirable, use gaps
along the surface contacting the cap in order to allow the
liner to conform to the bottle rim. The liner may be formed
separately and inserted into the bottle cap. Alternately,
the liner may be formed directly into the bottle cap, such
as by the process of over molding. Alternately, the bottle
cap and the liner may be formed as one contiguous body.
Additionally, the liner may also be used to form an air-
tight seal between the bottle cap and the aforementioned
tube sets.
[0062] The bottle cap is preferably made from a rigid
polymer such as acrylonitrile butadiene styrene (ABS),
polyvinyl chloride (PVC), polystyrene, or polycarbonate.
In the embodiment shown, thread 310 has a pitch of about
0.160" (0.406 cm), and thread 310 may travel through a
certain number of revolutions. Creating too many revo-
lutions will limit the bottle geometry with which the bottle
cap can mate. However, creating too few revolutions can
prevent the cap from making a reliable connection to the
water bottle. In the embodiment shown, thread 310 trav-
els 1.75 revolutions. The inner diameter of universal fit
bottle cap 300 above and below the threads 310 should
preferably be wide enough to allow the top of the bottle
to pass into region 320 above threads 310. If the inner
diameter of universal fit bottle cap 300 is too narrow, it
will not be able to travel as far onto the bottle as needed
in order to engage the liner for an air-tight seal.
[0063] Thread 310 should have a cross section which
is thicker at the base (where it meets the wall of the bottle
cap) and thinner at the inner surface (nearest the bottle
neck). This geometry would resemble a trapezoid. In the
present embodiment, the innermost surface should have
a thickness of about 0.035" (0.089 cm) and the thickest
portion (near the wall) should have a thickness of about
0.090" (0.229 cm).
[0064] The thread has a minor diameter, measured as
the distance across the thread at its surface that extends
farthest from the wall of the bottle cap. The thread has a
major diameter, measured as the distance across the
thread at its base where it joins the wall of the bottle cap.
In one embodiment of the universal fit bottle cap 300,
threads 310 have a minor diameter of about

1.375" (3.493 cm) and a major diameter of about 1.490"
(3.785 cm). In another embodiment of the universal fit
bottle cap 300, threads 310 have a minor diameter of
about 1.300" (3.302 cm) and a major diameter of about
1.420" (3.614 cm) Surface 330 on which the threads are
formed (the inner cylindrical surface of the bottle cap) is
tapered at an angle of about 2 degrees so that its diameter
is slightly larger at the opening of the cap than at the
opposite end of that surface. In order to ensure smooth
movement of universal fit bottle cap 300 as it is threaded
onto the bottle, threads 310 may not have blunt edges
and corners in some embodiments. The corners of the
trapezoidal geometry at either end of the 0.035" (0.089
cm) wide inner surface may be rounded with a fillet whose
radius is about 0.005" (0.013 cm). The two ends of
threads 310 may taper in a ramp-like fashion to provide
a smooth transition from the thread’s minor diameter to
it minor diameter.
[0065] FIG. 6C is an illustrative embodiment of univer-
sal fit bottle cap 300 threaded on a bottle. Liner 350 re-
sides in region between threads 310 and top end 340 of
universal fit bottle cap 300. Liner 350 engages bottle 360
when universal fit bottle cap 300 is threaded a sufficient
distance on to the neck of a bottle and passes 320. Bottles
from different manufacturers vary significantly in (1) dis-
tance from the bottle thread to the top rim, (2) distance
from the bottle thread to the bottle neck’s largest outer
diameter; (3) the diameter of the bottle’s rim; and (4) the
bottle neck’s largest diameter. The liner is designed to
mate to one or both of the largest neck diameter and the
top rim for the various bottle geometries. Thus, the liner
has an inner surface with an inner diameter that varies
over its length. The liner’s varying inner diameters and
their positions relative to the bottle cap threads cause
the liner to engage the bottle neck or rim sufficiently to
form an air- tight seal.
[0066] In order to maintain pressure within the system
to deliver gas for insufflation and water for rinsing the
lens, the system must be reasonably air tight. The seal
between the bottle and the bottle cap may be maintained
by a liner which is a flexible member of the bottle cap
assembly. This liner maintains contact with the cap and
the bottle by deforming as it is squeezed between the
rigid materials of the cap and the bottle. Of particular
importance is the geometry of the liner surfaces that are
intended to maintain contact with the bottle and cap. A
single liner design will be able to maintain an air-tight
seal between multiple cap designs and multiple bottle
designs. However, in some embodiments, multiple liners
may be utilized. In other embodiments, the cap and liner
may be integrated into a one piece member such that
the cap is a flexible member which forms a seal with the
bottle, including bottles of differing geometry.
[0067] The bottle cap and the bottle neck have mating
threads. As the cap is threaded onto the bottle neck, the
liner engages the bottle neck or the bottle throat and
forms the seal. Since bottle thread geometries vary, a
cap and liner design may engage sufficiently with a va-
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riety of bottle geometries sufficiently to hold the cap in
place, thus compressing the liner to form a seal with the
bottle.
[0068] FIG. 6D is an illustrative embodiment of a bottle
cap 300 and liner 350. Another point at which the system
must be sealed is between the cap 300 and the tubes
110 connected to the bottle. This also includes the bond
between the cap and any other tubes that pass through
it necessitating a seal to maintain system pressure. In
some cases, the tube may be bonded to the cap with an
adhesive bond, a solvent bond, or a mechanical lock such
as a swaged fitting. However, in other embodiments, the
structural connection between the tube and the cap can
make use of a flexible liner so that no adhesive or solvent
bond between the tube and cap is needed. This liner may
occupy the space between the cap and the tube so that
the liner is compressed and thus forms an air-tight seal.
[0069] Alternatively, the liner may surround the tube in
the region above or below the bottle cap, forming a seal
by constricting the tube. Given the proper geometry, the
liner’s seal against the tube’s outer surface may increase
its constriction as the pressure within the system increas-
es, forcing the flexible liner material against the outer wall
of the tube.
[0070] FIG. 7 is an illustrative embodiment of air filter
incorporated into a bottle cap. Air tube 110 stops in filter
housing 370. Filter housing 370 fits into a nipple 390 of
the bottle cap. Water tube 120 passes through the filter
medium 380. Water tube 120 and filter medium 380 may
be in contact to properly seal the air passageway.
[0071] As water is removed from a water bottle, air
must be allowed to flow into the bottle. In some embod-
iments, air may enter the bottle through a filter (microbial,
HEPA, etc.) so as to maintain the sterility of the air and
water in the bottle. The irrigation system preferably in-
cludes a backflow valve or check valve to ensure that
contaminated fluid from the patient does not enter the
irrigation system e.g., unidirectional flow from the bottle
to the endoscope and not in the reverse direction. The
irrigation tube that feeds water to the endoscope is typ-
ically used on multiple patients in the course of a day, so
contamination from a patient that enters the tubing may
be passed to subsequent patients. Thus, in some em-
bodiments, a check valve is desirable for maintaining the
sterility of the water in the bottle and in the tube set.
[0072] In certain procedures, such as ERCP (endo-
scopic retrograde cholangiopancreatography), extra pre-
caution should be taken to prevent contamination of the
patient’s anatomy. In such procedures, it is especially
desirable to have the protection of a backflow valve (410
In Figure 8) in the water path and an air filter (500 Figure
9A) in the air path. The connector that contains the back-
flow valve and air filter may permanently attach to the
tubing of the tube set. Such an embodiment would require
a user to replace the entire tube set if the user is con-
cerned about contaminants from the endoscope reach-
ing the tube set’s connector. In order to reduce waste
and cost, another embodiment features a connector that

is removably attached to the tube set. Thus, the portion
of the connector that has contacted the endoscope can
be discarded, and the tubing, which remains sterile, can
receive a new connector with backflow valve and air filter.
A backflow valve within the connector can prevent con-
tamination from reaching the tube set. If the connector
is removed from the tube set and replaced with a new,
sterile connector, the tube set will remain sterile. Thus,
when the tube set with the new connector is attached to
the next endoscope, which is used on the next patient,
the next patient is protected from infection. While it is
highly unlikely that the original air/water connector will
become contaminated, the ability to replace the connec-
tor improves the health care provider’s ability to protect
the patient.
[0073] FIG. 8A is an illustrative embodiment of an air
and water connector 400 with a check valve. The con-
nector employs a movable flap 410 in the water flow path
to prevent water from flowing from the endoscope into
the water tube 420 when the flap is in the closed position.
The flap may be formed from a soft, flexible material such
as a thermoplastic elastomer. The flap may be formed
from the same body that forms a seal around the water
intake tube of the endoscope air/water receptacle. When
the pressure in the water tube of the tube set is higher
than that in the endoscope’s water intake tube (e.g., when
the bottle is pressurized and the endoscope’s lens rinsing
water valve is opened), water will flow from the tube set
into the endoscope, forcing the moveable flap open.
When there is no pressure differential, the flap comes to
rest, preferably in a position that closes or nearly closes
the flow path. When the pressure in the water tube of the
tube set is lower than that in the endoscope’s water intake
tube (e.g., when the endoscope’s lens rinsing water valve
is opened and the pressure in the patient’s anatomical
lumen is higher than the pressure in the bottle), water
movement will force the moveable flap closed as shown
by the dark arrow to prevent back flow passed the con-
nector and into the tube to the bottle. The flap is larger
or the same size as the diameter of the tube. In some
embodiments, the tube can be attached to the sealing
body 430 or housing by an adhesive. The sealing body
or housing 430 of the connector can be made of plastic,
such as polycarbonate, ABS, MABS, thermoplastic elas-
tomer, silicone, or the like.
[0074] When the moveable flap closes, it may close
against a feature of the sealing body 430. The moveable
flap may also close against the end of the water tube 450
or a structural member of the connector assembly. The
connector also includes a body that seals around the
water inlet tube of the endoscope so that water does not
leak to the outside or to the air flow path. It should be
noted that some endoscope designs accept water
through some other means than a protruding tube (such
as a hole to which the connector must mate by means
of a gasket); the valve described here would similarly
prevent retrograde flow in a design compatible with such
an endoscope. In some embodiments, the valve mech-
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anism described here may also be used to prevent ret-
rograde flow of air (or other gasses) through the tube set
and endoscope. In embodiments that accept air flow from
the endoscope to pressurize the bottle, the valve would
only allow air flow from the endoscope to the bottle and
would prevent air flow from the bottle to the endoscope.
In embodiments that accept air from a separate air
source, air would flow from the bottle to the endoscope
and the valve would prevent flow in the opposite direction.
[0075] FIG. 8B is an illustrative embodiment of an air
and water connector 420 with a valve. The connector
employs a duckbill valve 448 having a movable lower
portion 444 and a movable upper portion 446 that is dis-
posed in the water flow path 436 to prevent water from
flowing from the endoscope into the water tube 442 when
the upper and lower portions are in the closed position
shown. A duckbill valve is a valve that is shaped like the
beak of a duck. In some embodiments, one end of the
duckbill valve is stretched over the outlet of a flow tube,
conforming itself to the shape of the tube. The other end
of the duckbill retains its flattened shape. When a fluid
flows through the tube, the flattened end of the duckbill
opens to permit the fluid to pass. When pressure is re-
moved, however, the duckbill end returns to its flattened
shape, preventing backflow. In some embodiments, the
duckbill valve may be formed from a soft, flexible material
such as a thermoplastic elastomer. The duckbill valve
may be formed from the same body that forms a seal
around the water intake tube of the endoscope air/water
receptacle. When the pressure in the water tube of the
tube set is higher than that in the endoscope’s water in-
take tube (e.g., when the bottle is pressurized and the
endoscope’s lens rinsing water valve is opened), water
will flow from the tube set into the endoscope, forcing the
moveable portions open. When there is no pressure dif-
ferential pressure, the portions come to rest, preferably
in a position that closes or nearly closes the flow path.
When the pressure in the water tube of the tube set is
lower than that in the endoscope’s water intake tube (e.g.,
when the endoscope’s lens rinsing water valve is opened
and the pressure in the patient’s anatomical lumen is
higher than the pressure in the bottle), water movement
will force the moveable flap closed as shown by the dark
arrow to prevent back flow passed the connector and into
the tube to the bottle. The duckbill valve 448 is larger or
the same size as the diameter of the tube. In some em-
bodiments, the tube can be attached to the sealing body
434 or housing by an adhesive. The sealing body 434 or
housing of the connector can be made of plastic, such
as polycarbonate, ABS, MABS, thermoplastic elastomer,
silicone, or the like. The air tube is shown as 440 and a
valve and/or filter can be disposed in this path. The air
flow path leads to air connector 430. The water tube 442
leads to water flow path 438 to outlet 432 that can be
coupled to the endoscope.
[0076] When the moveable duckbill valve closes, it
may close against a feature of the sealing body 434. The
moveable upper and lower portions of the duckbill valve

may also close against the end of the water tube or a
structural member of the connector assembly. The con-
nector also includes a sealing body 434 that seals around
the water inlet tube of the endoscope so that water does
not leak to the outside or to the air flow path. It should be
noted that some endoscope designs accept water
through some other means than a protruding tube (such
as a hole to which the connector must mate by means
of a gasket); the valve described here would similarly
prevent retrograde flow in a design compatible with such
an endoscope. In some embodiments, the valve mech-
anism described here may also be used to prevent ret-
rograde flow of air (or other gasses) through the tube set
and endoscope. In embodiments that accept air flow from
the endoscope to pressurize the bottle, the valve would
only allow air flow from the endoscope to the bottle and
would prevent air flow from the bottle to the endoscope.
In embodiments that accept air from a separate air
source, air would flow from the bottle to the endoscope
and the valve would prevent flow in the opposite direction.
[0077] It will be understood that the valve can be dis-
posed optionally in the bottle cap, adapter or within any
one of the plurality of tubes. Valves that can be used in
the present application include, but are not limited to, an
Aspin valve, ball cock valve, bibcock valve, stopcock
valve, demand valve, double beat valve, check valve,
double check valve, duckbill valve, flipper valve, flow con-
trol valve, Heimlich valve, foot valve, leaf valve, pilot
valve, plunger valve, poppet valve, reed valve, dia-
phragm valve, rocker valve, rotary valve, saddle valve,
safety valve, flap valve, or swirl valve or the like.
[0078] FIG. 9A is an illustrative embodiment of an inline
air filter assembly 500. From a biological safety perspec-
tive, the air that enters the water bottle may be filtered
via porous medium 520. Air that enters the water bottle
without being filtered may carry infectious microorgan-
isms. The illustrated embodiment is a filter that forms a
part of the connector that joins the air and water tubes
to the bottle cap. As illustrated, the filter is formed as an
annular member that surrounds the water tube and fills
the space between the air tube and the water tube. The
filter is composed of some porous medium 520. Depend-
ing on the structural properties of the filter medium, the
filter assembly may include a structural member 510 with
surfaces for bonding to the bottle cap and the water tube.
The water tube may pass through the center of the filter,
as illustrated, or it may pass to the side of the filter. All
air passing through the tube is filtered. As illustrated, the
filter assembly is located where the air tube joins the bot-
tle cap. In other embodiments, the filter assembly 500
may also be located at the end of the air tube that con-
nects to the air/water connector. In such an embodiment,
the filter may be incorporated as a structural member 510
of the air/water connector.
[0079] FIG. 9B is an illustrative embodiment of an inline
air filter assembly having a porous medium 520 to filter
air with an offset water tube passage 530. FIG. 9C illus-
trates an orthogonal view of an embodiment of an inline
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air filter assembly 500 with an offset water tube passage
530 configured to receive a water tube. The porous ma-
terial 520 is configured to filter the air that is fed into the
bottle. The air filter assembly comprises structural mem-
ber 510 that surrounds the filter and allows easy connec-
tion to the water tube 530. The porous media can be
made of polyethersulfone, PTFE, a PVC, acrylic copoly-
mer, polysulfone, polyvinylidene fluoride, cellulose ace-
tate, cellulose nitrate, mixed esters of cellulose, nylon,
polyamide or a combination thereof. The filter can be
microporous, and the mean pore size of the media is from
about 0.2 micron to about 150 microns. In some embod-
iments, the filter can have a mean pore size of about 0.22
micron to about 0.8 micron.
[0080] FIG. 10 is an illustrative embodiment of an air
and water connector 400 with a check valve having a
movable flap 410 and an inline air filter 440. The illustrat-
ed embodiment is a filter that forms a part of the connector
that joins the air and water tubes to the bottle cap. The
filter is composed of some porous medium. All gas pass-
ing through the connector is filtered. The air and water
connector includes gasket body 430 for ease of connec-
tion to the endoscope.
[0081] FIG. 11A illustrates an embodiment of a top
view of the liner and FIG. 11B illustrates a cross sectional
view of an embodiment of a liner having a substantially
L-shaped cross section.
[0082] In some embodiments, a cap is provided with a
liner inside the cap which is capable of sealing on multiple
surfaces, specifically of a variety of bottles including bot-
tles used in medical applications such as endoscopic sys-
tems for example. In some embodiments, the cap com-
prises a thread on an inner surface of said cap and a liner
inside the cap which is capable of sealing on multiple
surfaces, and a top end wherein the top end comprises
at least an opening. The opening can be a hole to fit a
tubing. In some embodiments, the cap and the liner are
made of the same material including a plastic material,
an elastomeric material, thermoplastic elastomeric ma-
terial, rigid polymer, acrylonitrile butadiene styrene
(ABS), methyl methacrylate acrylonitrile butadiene sty-
rene, polyvinyl chloride (PVC), polystyrene, polycar-
bonate, polypropylene, nylon, silicone, rubber or combi-
nation thereof. In some embodiments, the cap and the
liner can be one contiguous body. In some embodiments,
the liner comprises an inner diameter which is not con-
stant such that it is capable of engaging a variety of bottle
necks of varying heights and diameters. In some embod-
iments, the inner diameter decreases axially toward the
top end. In some embodiments, the thread has a first
diameter and second diameter, wherein the first diameter
is bigger than the second diameter. In some embodi-
ments, the thread is a positive thread.
[0083] In some embodiments, a cap is provided com-
prising a liner capable of sealing on multiple surfaces
wherein the cap further comprises on an inner surface a
thread, wherein the thread is adapted to engage a variety
of bottles. In some embodiments, the thread has a trap-

ezoid geometry comprising a first base and a second
base, wherein the first base is larger than the second
base and wherein the first base is adjacent to the wall of
the cap. In some embodiments, the trapezoidal geometry
comprises rounded comers. In some embodiments, the
cap and the liner are made of the same material including
a plastic material, an elastomeric material, thermoplastic
elastomeric material, rigid polymer, acrylonitrile butadi-
ene styrene (ABS), methyl methacrylate acrylonitrile
butadiene styrene (MABS), polyvinyl chloride (PVC), pol-
ystyrene, polycarbonate, polypropylene, nylon, silicon,
rubber or combination thereof. In some embodiments,
the cap and the liner can be one contiguous body. In
some embodiments, the liner comprises a substantially
L-shaped cross section and has varying inner diameters
such that it is capable of engaging a variety of bottle necks
of varying heights and diameters. Examples of bottles
include but are not limited to sterile bottles for medical
applications such as sterile water bottles. In some em-
bodiments, the cap comprises an air filter. In some em-
bodiments, the cap comprises a top end and a bottom
end, wherein the inner surface is tapered at an angle of
about 2 degrees such that the diameter of the bottom
end is larger than the diameter of the top end. In some
embodiments, a cap is provided comprising at least one
gasket such that the gasket provides a seal between the
bottle cap and the bottle. In some embodiments, the seal
is air tight or nearly air tight.
[0084] In some embodiments, the cap comprises a
thread on an inner surface, a liner having at least two
sealing surfaces at least partially above the thread, and
a top end, wherein said top end comprises at least three
holes. In some embodiments, at least one of the holes
fits an irrigation tubing. In some embodiments, at least
one of the holes fits a water/air tube set. In some embod-
iments, at least one of the holes fits a tubing for insuffla-
tion. In some embodiments, a cap is provided that is ca-
pable of sealing on multiple surfaces comprising a liner
wherein the liner comprises a substantially L-shaped
cross sectional profile and having at least two diameters.
[0085] In some embodiments, the cap has a thread on
an inner surface, wherein the thread is adapted for en-
gaging a variety of bottles and the cap has a top end
wherein the top end comprises at least one hole to fit a
tubing. In some embodiments, a cap is provided com-
prising an inner surface having positive threads, wherein
the threads are adapted for engaging in a variety of sterile
water containers; a top end comprising at least one open-
ing; said opening having a flexible tubing disposed there-
in. In some embodiments, a liner is provided that is ca-
pable of sealing on a variety of caps. In some embodi-
ments, the liner comprises a substantially L-shaped
cross-sectional profile comprising various diameters.
The liner can be made of a thermoplastic elastomer, an
elastomeric material, polyvinyl chloride, nylon or combi-
nations thereof.
[0086] In some embodiments, a cap is provided com-
prising a liner capable of sealing on multiple surfaces,
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wherein the cap comprises at least one hole to fit a tubing
and wherein liner seals the area between the cap and
the tubing. In some embodiments, a cap is provided for
sealing a sterile water bottle comprising a thread on an
inner surface providing at least 630° of thread engage-
ment with said sterile water bottle; and at least two sealing
surfaces above said thread.
[0087] In some embodiments, a cap is provided com-
prising a liner capable of sealing on multiple surfaces; a
thread on an inner surface; a top end; wherein the top
end comprises at least one hole fit for a tubing wherein
the liner seals the area between the cap and the tubing.
[0088] Figure 12 illustrates a back view of an embod-
iment of an air and water connector with a back flow valve.
In this embodiment, end of water tube 560 can align with
moveable flap 530 when hinge 540 is foldably connected
to water tube end 570 and moveable flap 530. When the
hinge is folded, the moveable flap is pressed into water
tube end 570 which then aligns with water tube 550.
Moveable flap 530 closes over the end of the water tube
to seal the path and prevent water from flowing from the
endoscope’s water input port to the water tube end 560.
A portion of the gasket 510 provides a conduit 520 that
is configured to mate with the air port on the endoscope.
The gasket 510 can be made from a flexible material
such as a thermoplastic elastomer. The moveable flap
530 and the hinge 540 are parts of the gasket. In some
embodiments, the air and water connector can be made
by overmolding one or more components together. The
hinge allows the devices to be folded and, in some em-
bodiments, before the components of the device can be
overmolded and folded together.
[0089] Figure 13 illustrates a front view of an embodi-
ment of an air and water connector with a back flow valve.
In this embodiment, water tube end 590 can align with
moveable flap 630 when hinge 600 is foldably connected
to water tube end 590 and moveable flap 630. When the
hinge is folded, the moveable flap is pressed into water
tube end 590 which then aligns with water tube 580.
Moveable flap 630 closes over the end of the water tube
to seal the path and prevent water from flowing from the
endoscope’s water input port to the water tube 580. A
portion of the gasket 620 provides a conduit 610 that is
configured to mate with the air port on the endoscope.
The gasket 620 can be made from a flexible material
such as a thermoplastic elastomer. The moveable flap
630 and the hinge 600 are parts of the gasket. In some
embodiments, the air and water connector can be made
by overmolding one or more components together.

Claims

1. A connector (400) for connecting a concentric air and
water tube arrangement to a medical instrument
(72), the connector comprising an opening config-
ured to receive the concentric air and water tube ar-
rangement, with an inner water tube (420) for pro-

viding water and an outer air tube (440) for providing
air, a first flow path of the air tube leading to an air
connector and a second flow path of the water tube
leading to an outlet for coupling to a water inlet tube
of the medical instrument, a body configured to seal
around the water inlet tube of the medical instrument
so that water does not leak to the outside or to the
air flow path, and a movable flap (410) formed from
said body in the second flow path, said flap being
larger or the same size as the diameter of the inner
water tube and configured such that it closes against
the end of the inner water tube to prevent water from
flowing from the water inlet tube of the medical in-
strument into the inner water tube.

2. A connector according to claim 1, wherein the con-
nector comprises a filter disposed in the first flow
path.

Patentansprüche

1. Verbinder (400) zum Verbinden einer konzentri-
schen Luft- und Wasserschlauchanordnung mit ei-
nem medizinischen Instrument (72), wobei der Ver-
binder Folgendes umfasst: eine Öffnung, die dazu
konfiguriert ist, die konzentrische Luft- und Wasser-
schlauchanordnung aufzunehmen, mit einem inne-
ren Wasserschlauch zum Bereitstellen von Wasser
und einem äußeren Luftschlauch zum Bereitstellen
von Luft, wobei ein erster Strömungsweg des Luft-
schlauchs zu einem Luftverbinder führt und ein zwei-
ter Strömungsweg des Wasserschlauchs zu einem
Auslass zum Koppeln an einen Wassereinlass-
schlauch des medizinischen Instruments führt, einen
Körper, der dazu konfiguriert ist, um den Wasserein-
lassschlauch des medizinischen Instruments herum
abzudichten, sodass kein Wasser nach außen oder
in den Luftströmungsweg austritt, und eine beweg-
liche Klappe (410), die aus dem Körper in dem zwei-
ten Strömungsweg gebildet ist, wobei die Klappe
größer als der Durchmesser des inneren Wasser-
schlauchs oder gleich diesem ist und derart konfigu-
riert ist, dass sie gegen das Ende des inneren Was-
serschlauchs schließt, um zu verhindern, dass Was-
ser aus dem Wassereinlassschlauch des medizini-
schen Instruments in den inneren Wasserschlauch
fließt.

2. Verbinder nach Anspruch 1, wobei der Verbinder ei-
nen in dem ersten Strömungsweg angeordneten Fil-
ter umfasst.

Revendications

1. Raccord (400) destiné à raccorder un agencement
concentrique de tubes d’air et d’eau à un instrument
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médical (72), le raccord comprenant une ouverture
conçue pour recevoir l’agencement concentrique de
tubes d’air et d’eau, avec un tube d’eau intérieur pour
fournir de l’eau et un tube d’air extérieur pour fournir
de l’air, une première voie d’écoulement du tube d’air
menant à un raccord d’air et une seconde voie
d’écoulement du tube d’eau menant à une sortie
pour se coupler à un tube d’entrée d’eau de l’instru-
ment médical, un corps conçu pour assurer l’étan-
chéité autour du tube d’entrée d’eau de l’instrument
médical de sorte que l’eau ne s’écoule pas vers l’ex-
térieur ou vers la voie d’écoulement d’air, et un volet
mobile (410) formé à partir dudit corps dans la se-
conde voie d’écoulement, ledit volet étant plus grand
ou de la même taille que le diamètre du tube d’eau
intérieur et conçu de manière à se fermer contre l’ex-
trémité du tube d’eau intérieur pour empêcher l’eau
de s’écouler depuis le tube d’entrée d’eau de l’ins-
trument médical dans le tube d’eau intérieur.

2. Raccord selon la revendication 1, dans lequel le rac-
cord comprend un filtre disposé dans la première
voie d’écoulement.
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